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TRANSACTIONS 



OF THE 



AMERICAN PHILOSOPHICAL SOCIETY. 



No. I. 

Experiments on the TranfmiJJion of Acids, and other 
Liquors, in the Form of Vapour, over federal Subjlances 
in a hot earthen Tube. By Dr. Joseph Priestley. 

Re»d, Dec. T HAVE publifhed an account of many experi- 
ao, 1799- X ments on the tranfmiflion of fteam, and alfo 
of acids, in the form of vapour, over fubftanccs of vari- 
ous kinds in hot earthen tubes, with an apparatus to 
receive both the air that was produced in the procefs, 
and the liquor that was diftilled. The following were 
made at the fame time, but were then thought lei's wor- 
thy of publication. Some of the fads may, however, be 
of ufc to thofe who may be difpofed to relume thole 
experiments. 

Sending the vapovir of fpirit of nitre over an ounce of 
iron turnings, 1 got 140 ounce meafurcs of air with 
great rapidity. Of this no part was nitrous, or fixed, but 
it was flightly inflammable. The reft was phlogiflicated. 

Vol. V. A In 



2 On the TRANSMISSION 

In the courfe of the procefs, the finery cinder that was 
formed had united to the earth of the tube, and made a 
hole through it, but I collected 8 dwts. of the iron which 
had not been much affected. 

With copper in the fame procefs I got pretty pure 
dephlogifticated air, from the acid only, while the pro- 
duction was rapid, but when it came flowly, it was ni- 
trous. The copper was covered with a peculiar kind of 
fcale, and fome parts were entirely reduced to it. It 
was brittle, but not black. 

Sending the fame vapourover 240 grains of perfect char- 
coal, I got, with prodigious rapidity, and full of black 
fmoke, 900 ounce meafures of air, flightly inflammable, 
without any fixed air. It was of the fame fpecific gravity 
with common air, and what remained of the charcoal 
weighed 47 grains. 

From about an ounce of the charcoal of bones, out of 
which all air had been expelled by heat, I got, by the 
tranfmiffion of the fame vapour, about an hundred ounce 
meafures of air, of which one-fifth was fixed air, and the 
reft phlogifticated. Continuing the procefs, the air that 
came afterwards was dephlogifticated, from the acid only. 

From a quantity of melted lead I got, in the fame pro- 
cefs, air that came with great rapidity, at firft dephlogifti- 
cated from the acid, afterwards, what was worfe than 
common air, as it extinguifhed a candle. After the 
procefs I found in the earthen tube much glafs of lead 
covered in part with a white powdery fubftance, which 
was, no doubt, nitrated calx of lead. 

The experiment with tin in this procefs was fimilar to 
that with lead. After the procefs there was found a 
quantity of a white fubftance in hard lumps, and the tin 
that remained was covered with it. This was, no doubt, 
the nitrated calx of tin. 

When this procefs was gone through with bifmulh the air 
produced was exceedingly turbid, and ftrongly nitrous. But 
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of LIQUIDS in VAPOUR. 3 

the greateft part of the acid came over in red vapours, 
which were imbibed by water, that afterwards gave out 
nitrous air. The metal was covered with a white pow- 
dery fubftance, but in fome places yellow, the nitrated 
calx of bifmuth. The liquor that was diftilled was of 
a blue colour, and the vefTel in which it was received, 
was filled with red vapours. 

Sending the vapour of marine acid over a quantity of 
copper, I got about 40 ounce meafures of air, the greateft 
part of which was ftrongly inflammable, but mixed with 
common air. For when, after being turbid, it became 
clear, and the production flow, the ftandard of the air 
was 1.45. 

I then fent the vapour of this acid through an empty 
earthen tube glazed on the outfide only, and got about 
60 ounce meafures of air of the ftandard of 1.4, or 1.35 
very turbid. The refult was the fame when the tube 
was glazed both infide and outfide. This air I fufpect 
had been tranfmitted through the tube, while the vapour 
of the acid pafled through in the contrary direction. 

With this acid vapour fent over 1 o dwts. of perfect 
charcoal I got about 700 ounce meafures of air, without 
any fenfible quantity of fixed air ; but afterwards one 
tenth of the produce was fixed air, and the reft inflammable, 
of which 20 ounce meafures weighed two grains lefs 
than the fame quantity of common air. This air came 
over white as milk, and the acid that was diftilled was 
quite black. 

1 feveral times fent caujiic fixed alkali in vapour 
through an earthen tube containing iron, when the firft 
portion that was diftilled was nightly acid, but not after- 
wards. I had the fame refult in three procefTes, in which 
the glafs worm, and all the apparatus, had remained juft 
as it was after the preceding experiments ; fo that nothing 
acid could well have come to it. 

A 2 Experiments 
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Experiments made with Charcoal, Phofphorus and Animal 
Fibres in the Nitrous Acid. 

I have formerly given an account of experiments 
on the folution of charcoal in the nitrous acid ; and as 
there is fome diverfity in the refults, it may be of ufe to 
add the following : 

Some pieces of pounded charcoal diflblved with difficul- 
ty in nitrous acid, but with heat it conftantly gave air, 
of which about one-fifth was at firft fixed air, and the reft 
nitrous; but at laft it was wholly phlogifticated. At 
another time half of the produce was fixed air, and the 
reft phlogifticated. 

From 205 grains of perfedt charcoal and three ounce 
meafures of ftrong acid of nitre, I got 1 80 ounce mea- 
fures of air, of which at firft only one-fixth, but at laft 
one half, was nitrous, and the reft fixed air. With frefli 
acid to the remainder of the fame charcoal I got 82 
ounce meafures of air, of which at firft only one-fixth 
was nitrous, with equal meafures of common air occupy- 
ing the fpace of 1.6. Of the reft one half was more 
purely nitrous. The phial in which the folution was 
made becoming dry, and prefently after red hot, I got 
with great rapidity, and in a very turbid ftate, 50 ounce 
meafures more ; and of this one half was fixed , and the 
remainder phlogifticated. 

Charcoal of copper appeared to differ from that of 
wood in that, being diflblved in the nitrous acid, it gave 
only nitrous air, without any fixed air, and very little 
phlogifticated air. From this it may be inferred that 
charcoal of copper contains no oxygen, which charcoal 
of wood does, and by which it can give fixed air. 

The different refults of diflblving copper, phofphorus, 
and animal fibres in the fame quantity of the acid of nitre 
may give rife to fome ufeful obfervatbns. 

Having 
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Having found that a certain quantity of nitrous acid 
gave 79-| ounce meafures of nitrous air by the folution of 
copper, I put into the fame quantity of the fame acid as 
much phofphorus as it would diffolve, and found that it 
yielded a 1 ounce meafures of air, all phlogifticated; a 
quantity very nearly to which the nitrous air yielded by 
the copper would be reduced by heating iron in it, and 
other phlogiftic procefles. There was a ftrong acid va- 
pour in this phlogifticated air, even after being long con- 
fined by water. 

In the fame quantity of the fame nitrous acid, diluted 
with as much water, 1 diflolved one ounce of dry boiled 
beef, and got from it 8 a ounce meafures of air, all phlo- 
gifticated. 

That dephlogifticated air, or oxygen, enters into the 
compofition of fixed air, I think I have proved in various 
ways, but moft decifively by heating charcoal of copper 
in dephlogifticated air. From the following experiment 
on the heating of charcoal of wood in it, it feems evident 
that both fixed and phlogifticated air are in part compofed 
of it. 

In 79 ounce meafures of dephlogifticated air, which 
with two equal meafures of nitrous air occupied the 
fpace of 0.93, 1 difperfed, by means of a burning lens, 
1 Si g rams °f charcoal 5 when they were increafed to 91 
ounce meafures, and by walhing in water reduced to 53, 
of the ftandard of 1.9a. Again, in 74 ounce meafures 
of the dephlogifticated air, I difperfed 1 3^ grains of char- 
coal, when it was augmented to 80 ounce meafures, and 
it was diminifhed by wafhing in water to 48. 

That nitrous air contains oxygen, feemed probable 
from the burning of pyrophorus in it. The fame may 
perhaps be inferred from the burning of charcoal of 
wood. Filling a tall glafs jar with pure nitrous air, I 

placed 
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placed it as quickly as I could over a piece of hot char- 
coal, and obferved that it burned with a confiderable 
glow, mush better than in common air : and the jar was 
filled with a white cloud. After a few minutes the air 
was diminifhed to about one-fourth of its original bulk ; 
but after remaining in this fituation all night, it was 
increafed to about one-third of the original quantity; 
and being then examined, it appeared to be all phlogifti- 
cated. Dipping the fame charcoal into water, I got from 
it \\ ounce meafures of air, all phlogifticated, but with a 
flight mixture of fixed air. This fubjecT; may deferve 
farther inveftigation. For fince dephlogifticated air fo 
readily unites with nitrous air, and with it forms nitrous 
acid, it is not eafy to account for nitrous air containing 
any portion of the fame element, and retaining its aerial 
form. Alfo the juice of turnfole does not change its 
colour by faturation with nitrous air, which if it con- 
tained oxygen, it might be expected to do. 



Miscellaneous Experiments. 

i . On the colouring of the folution of copper in Vola- 
tile Alkali, and of various fubjlances in the marine acid. 

In repeating my former experiments of this kind, a 
few circumftances occurred which I did not fo particu- 
larly attend to before ; and may be deferving of notice, 
and of a farther profecution. They fhow that dephlo- 
gifticated air is eflential to thefe colours, and how they 
may be given and taken away at pleafure. 

It is well known' that the folution of copper in cauflic 
volatile alkali affumes a blue colour if it be made with 
accefs of air. Without it, it is perfectly colourlefs ; and 
the colour may be difcharged by more copper, and 
reftored again by means of air, as long as the menftruum 

is 



of LIQUIDS in VAPOUR. 7 

is capable of diflblving the metal. 1'he coloured liquor 
is alio heavier than that which is without colour ; and if 
a phial of the colourlefs liquor be opened, the colour- 
ing will begin at the top, and defcend in the form of 
a fine thread in the center of it to the bottom, till the 
whole be coloured. 

By means of this colourlefs folution 6 ounce meafures 
of air were reduced to 5, completely phlogifticated, 
without any fixed or inflammable air in it. 

Liver of fulphur difcharge3 this colour : 

The folution of minium, and alfo that of red preci- 
pitate, in the marine acid is attended with much heat, 
the former with the emifiion of dephlogifticated marine 
acid air, and the latter without it. But when the folu- 
tion of the red precipitate is become cool, and colour- 
lefs, it is afterwards diflblved in this acid without any 
generation of heat. 

The folution of finery cinder in this acid is not at- 
tended with heat. 

The folution of minium has a beautiful yellow colour, 
but by diflblving red precipitate it becomes colourlefs. It 
will alfo difcharge any other colour made by a folution 
in this acid. 

The folution of iron in marine acid acquires colour by 
accefs of air only, and the folution of more iron, even 
that which is rufted, will difcharge the colour. 

This coloured acid became colourlefs by diflblving the 
black powder of mercury and lead. Much air was pro- 
duced in this procefs, and it was pure fixed air, with 
a fmall refiduum that extinguifhed a candle. 

An exceedingly fmall quantity of pure air is fufii- 
cient to reftore colour to the folution of any fubftance in 
the marine acid. 

2. Of 



8 On the TRANSMISSION 

2. Of the production of fulphur by heating water im- 
pregnated with vitriolic acid air. 

When I firft made this experiment it was a long time 
before any fulphur appeared; but it is formed much 
fooner when the comirion air is expelled from the tube 
by heating a little of the impregnated water previoufly 
to its being hermetically fealed. By this means the ful- 
phur will appear the firft day, and in three or four days 
the production will have attained its maximum, the 
whole tube being covered with white cryftals. After 
fome days there will be a little ball of yellow fulphur 
fwimming on the middle of the liquor, and a good deal 
of fulphur will be found at the bottom of it, by the cry- 
ftals on the fides continually Aiding down into the liquor, 
as others are formed. The tubes I have generally ufed 
for this purpofe are fomething more than three feet long, 
and more than half an inch wide. 

Sulphur is produced in the very fame manner and in 
the fame time by means of water impregnated with he- 
patic air. The only difference that I obferved was that 
I did not fee the fame dancing vapour in this procefs as 
in that with vitriolic acid air, which is a curious circum- 
ftance in the experiment. 

Having evaporated to drynefs a quantity of water im- 
pregnated with hepatic air, there remained a black pow- 
der, like ethiops mineral. When this faturation is made 
with water confined by mercury, it has a white colour. 

Opening a tube in which fulphur had been formed 
from water impregnated with vitriolic acid air under wa- 
ter, I found the air within it of the ftandard of 1.6, 
without fixed air, or any thing inflammable in it. 

3. An experiment with Papiris Digejler. 

Aided by heat in this inftrument a folution of cauftic 
alkali made a liquor Jilicum with pounded flint glafs. 

4. Of 
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4. Of Phofphoric air. 

Phofphoric air, though confined by mercury, will 
not always retain its property of taking fire by the ad- 
miffion of atmofpheric air. A quantity of this air which 
was made the 1 8th of November would not take fire on 
the 2 2d, but burned with a lambent yellow flame on the 
approach of a lighted candle, fmelling ftrongly ot 
phofphorus. At other times I have found this air re- 
tain its peculiar property much longer; but it was al- 
ways changed to a lambent inflammable air by keeping, 
nor would heat reftore it. 

5. Of the purity or impurity of airs in various circum- 
Jiances. 

Some experiments feem to indicate that fomething po- 
fitive is communicated to feveral fubftances, folic! and 
fluid, in confequence of being expofed to heat. At lead 
they are difpofed after this to attracvt pure air from the 
atmofphere, like other fubftances during the emifiion of 
phlogifton. The following obfervations may ferve to 
throw fome light on this fubjec"t, and perhaps defervc 
to be profecuted farther. 

Air from water frefh diftilled, from rain water, or 
frefh fpring water, gave out air fomething worfe than 
that which had been expofed to the atmofphere. 

Air from fnow water, from a folution of blue vitriol, 
anil from water diftilled from this folution, gave air a 
little worfe than water long expofed to the atmofphere. 
Such alfo was air from river water during a flood from 
late rains. 

Putting a fmall quantity of fpirit of wine into a phial, 
and covering it with a fmall glafs vefTel Handing in wa- 
ter, I found the air within it confiderably lefs pure than 
common air. 

Air incumbent on water impregnated with nitrous 
vapour extinguifhed a candle. 

Vol. V. B A 
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A phial which had contained aqua regia fatu rated with 
gold having a very pungent fmell, 1 examined the air 
within it, and found it to be of the ftandard of 1.65, 
much worfe than common air. 

Air which had been confined with mujk was a little 
worfe than common air. There was no fixed air in it. 
Air confined in a fimilar phial, and with a fimilar cork, 
about the fame time was not worfe than common air, nor 
was air confined with camphor. 

Water in which liver of fulphur was diffolved did not 
give out air worfe than before. 

6. Of the proportion of latent heat in fame kinds of ah: 

That heat is neceffary to the aerial form of fubftances 
is as evident as that it is neceflary to form the vapour 
of water. 1 took the following method to afcertain the 
proportional quantity of latent heat in thofe kinds of 
air which are readily abforbed by water, expecting to 
find a confiderable difference between them, but I did 
not find any. I inclofcd the bulb of a mercurial thermo- 
meter in one end of a glafs tube, and made the place air- 
tight with a cork and cement ; then filling the tube with 
mercury, 1 introduced a certain quantity of water, which, 
furrounding the bulb of the thermometer, would foon 
impart to it whatever heat it received by the abforption 
of the air that was thrown up into it. 

The quantity of water in all the experiments was 44 
grains, and the jar of air that 1 threw up into it held 
nearly two ounce meafurcs. The kinds of air on which I 
made the experiment were marine acid air, vitriolic acid 
air, and alkaline air. In all the cafes the abforption of 
the air raifed the thermometer four degrees of Fahren- 
heit, which was a fpace of an inch and a half; fo 
that a fmall difference would eafily have been perceived. 
The vitriolic acid air required a little agitation, and on 

this 
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this account the heat would not be communicated fo 
fpeedily, and confequently fome would he loft. But 
the difference in this cafe was only that of 1.6 and 1.5, 

7. Experiments relating to aqua regia and the folution 
of gold and platina in it. 

In impregnating marine acid with nitrous vapour, 
which makes an aqua regia much ftronger than that 
which is made by a mixture of two acids, there drop- 
ped from the end of the tube through which the plilo- 
gifticated vapour was conveyed a deep green acid, in 
the form of balls, which fell to the bottom of the veflel, 
and after continuing a fhort time burft with the emiffion 
of air, the green colour then difappearing and the acid, 
gradually affuming its proper orange colour. 

Going to make ufe of a quantity of aqua regia that had 
been made fome months, I found its colour changed, 
and that, by the efcape of the nitrous vapour, it was 
become mere marine acid. Impregnating it again with 
nitrous vapour, it was the fame as before. Diftilling 
the folutions of gold and platina in this compound acid, 
the liquor that came over was marine acid. Platina re- 
quired more heat to diflolve it than gold. 

8. I made the following experiments to obferve the 
different effects of phlogifticated and dephlogifticatcd ni- 
trous acid in the folution of mercury. 

In the dephlogifticated acid an ounce of mercury gave 
lefs of both nitrous and dephlogifticated air. 1 diffolved 
an ounce of mercury in dephlogifticated acid of nitre, 
and without changing the retort, which was cooled, 
and gradually expofed to a red heat till nothing more 
came over, I got about 15 ounce meafurcs of nitrous 
air, and 55 of dephlogifticatcd. From the calx that was 
fublimed 1 got 17 ounce meafures of dephlogifticated 
air. In the fame prooefs with phlogifticated nitrous acid 
1 got 43 ounce meafures of nitrous air, and 63 of de- 
B 2 phlogifticated ; 
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phlogifticated ; and from the calx that fublimed I got 
6 ounce meafures of nitrous air, and 15 of dephlo- 
gifticated. 

9. That quicklime gets weight by expofure to the 
air is well known. The following experiment will 
{hew what that weight is. 

An ounce of quicklime expofed in a {hallow difh on 
the iftof July increafed in weight till the 14th of Oct. 
when it had gained 320 grains. Another ounce had gain- 
ed 300 grains in the fame time, and after this they gained 
nothing more. In the fame time an ounce of quick- 
lime faturated with water, and then left to dry, had gain- 
ed 294 grains : another ounce gained exactly the fame 
weight, and a third 325 grains. 

10. Pyrophorus is generally made with the charcoal 
of vegetable or animal fubftances mixed with alum, or 
any thing that contains the acid of vitriol, and the heat 
by which it takes fire is occafioned by the eager at- 
traction of this acid for water. I accidentally found that 
a pyrophorus may be made of fulphur and iron. 

Having kept a cup full of this mixture made up with 
water in a quantity of common air about two months, 
1 then took it out, and left it in the cup. The next day 
perceiving the cup to be warm, 1 emptied it upon a 
board, when it grew hot, fmoked very much, gave 
out a ftrong fmell of vitriolic acid air, and at length be- 
came red hot. Putting a part of it into another cup 
confined by common air, the air was rapidly dimi- 
niflied. 

1 1. Of the abforption of fixed air by a mixture of iron 
flings and fulphur. 

Among fome of the firft of my experiments were 
fome on the effect of this mixture on fixed air, as well 
as on that of the atmofphere. The following relate 
to the fame fubjeft, and may deferve to be profecuted 
further. 

A 
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A mixture of this kind which had been fome time in 
common air, and was become brown, abforbed fixed air 
with great rapidity, without leaving any fenfible refi- 
duum. But different portions of it abforbed this air 
very differently. Six ounce meafures of fixed air which 
had been a long time expofed to about an ounce of 
rufted iron had now a refiduum of about three-fourths 
of an ounce meafure, and it was wholly phlogifticated. 

A bladder containing about 20 ounce meafures of 
fixed air was connected with an earthen tube in which 
were pieces of iron, and at the other end of the tube 
was another bladder, but empty. The middle part of 
the tube being made red hot, the bladder was preffed, 
fo as to make the air pafs through the hot iron, and 
thence it was driven back again, and the procefs re- 
peated till the air was reduced to 6 ounce meafures, 
and by warning in water to 5. It was flightly in- 
flammable. 
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